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where 0 is the M-by-M cyclic permutation matrix (28) and A(i) is defined in (4). Let us first consider the case M = 21, -1. Define the following M-by-M matrices: the M-by-M matrices Q,T, and B are defined as follows: (l,l, (j' Jj) ,---, (j' :j)) B = M diag (1,1,2,2,. . . ,2).
T = diag
T=diag (l,(:?j) ,-.-,(:?j)) (A.3) and B = M diag (1,2,2,2,. . . ,2) (-4.4) where 2% c = exp jz 2a 't=exp-js (A.5) We have P = B-li2TQ.
(-4.6) In this correspondence we report the results of computer searches for long rate R = $ fixed convolutional encoders (FCE's) with an optimum distance profile (ODP codes), i.e., with a distance profile equal to or superior to that of any other code with Thus d > d' implies that the "early growth' of dj with j is greater than that of d;l with j.,(It could, of course, happen that for sufficiently large j, dj < dj.) Systematic ODP codes are already known for M I 35 [l] . Newly found systematic ODP codes are listed in Table I for 36 I M I 60. The code generators are given in an octal form according to the convention in [l] . In cases where the optimum code is not unique, ties were resolved using the number of low-weight paths as a further optimality criterion.
Massey and Costello [3] introduced a class of quick-look-in (QLI) nonsystematic codes in which the two generators differ only in the second position. In Table II , we list newly found ODP QLI codes for 24 I M I 50. For M I 23 such codes are already known [l] .
The excellence as regards dM for the ODP codes can be seen from Fig. 1 
I. INTRODUCTION
Let $ be a primitive element of GF(q"). Let hd(x) E GF(q)[r] denote the minimum polynomial of tid. Then hd(x) is a primitive polynomial if and only if gcd (d,qk - 
It is well known that codes which have primitive parity-check polynomials are equidistant in the Hamming metric. In Kjeldsen [2] and Oganesyan, Yagdzyan, and Tairyan [3] , some other cyclic equidistant codes are found. From the papers of Semakov and Zinov'ev [4] and Semakov, Zinov'ev, and Zaitsev [5] , it can be concluded that every equidistant cyclic code has an irreducible parity-check polynomial.
Here we study codes that have parity-check polynomials which are the product of two irreducible polynomials. Since the codes do not have an irreducible parity-check polynomial, at least two nonzero Hamming weights must occur in the codewords. We present here a family of nonbinary cyclic codes with composite parity-check polynomials such that only two nonzero weights occur.
Some of the codes have parity-check polynomials which are a product of two primitive polynomials of the same degree. The complete weight enumerator of such codes has been studied indirectly by studying the cross-correlation function between two maximal-length linear sequences. In Helleseth [l] , it is proved that, for q = pn, where p is a prime and n = 1, at least three different nonzero weights occur in the complete weight enumerator. In particular, if we consider instead the Hamming weight enumerator, it is possible to achieve only two nonzero weights.
II. THE TWO-WEIGHT CODES
Let deg h(x) denote the degree of h(x) and let per h(x) denote the least positive integer r such that h(x) divides xr -1. Therefore ((qk -l)/Nl+ l)(q" -1) = 0 (mod qk -1).
Since N1 divides q -1, this means 4 m -1 = 0 (mod qk -1).
Hence m 2 lz and, therefore, m = k. The proof that deg h&x) = k is similar. ii) Since gcd (di,qk -1) = gcd (di,Ni), for i = 1,2, we have
iii) Since dl s qid2 (mod qk -l), for all i 2 0, we have gcd = (qk -Wgcd (ddd%,Nd.
We are now able to prove the main theorem.
Theorem: Let dl and da be defined as in the lemma. Put N = lcm (Nl,Nz). Suppose gcd (dl,d2,N1,N2) = 1. Let V be the (qk -1,2k) cyclic code with parity-check polynomial h(x) = hdl(x)hd2(X). 
